In treating schwannoma patients, it is critical to determine the origin of the tumor to preserve nerve function. We evaluated the validity of preoperative imaging studies in distinguishing the neurological origin of the schwannomas of the head and neck, and the efficacy of intracapsular enucleation in preserving nerve function. Materials and Methods: In 7 cases of schwannomas in the head and neck region, we predicted whether the tumor originated from the vagus nerve or the cervical sympathetic chain through imaging studies including computed tomography (CT) and magnetic resonance imaging (MRI). All patients were performed intracapsular enucleation, and the function of the vagus nerve and the sympathetic nerve was evaluated preoperatively and postoperatively. Results: Preoperative imaging studies showed 6 cases where the tumor was located between the carotid artery and the internal jugular vein, and 1 case where the tumor was located posteriorly, displacing the carotid artery and the internal jugular vein anteriorly. At the time of operation, we confirmed schwannoma originating from the vagus nerve on the first 6 cases, and schwannoma originating from the sympathetic nervous system on the last case. All patients went through successful intracapsular enucleation, and of the seven schwannoma cases, 6 patients maintained normal postoperative neurological function (85.7%). Conclusion: Preoperative imaging studies offer valuable information regarding the location and origination of the tumor, and intracapsular enucleation helped us to preserve the nerve function.
INTRODUCTION
vagus nerve or sympathetic nervous system, and various preoperative image studies are used to distinguish its location and origin. 3 The accepted treatment of schwannoma is surgical resection, and several surgical modalities have been introduced to preserve the neurological functions. [4] [5] [6] Recently, intracapsular enucleation has been introduced for the preservation of the neurological functions. In this study, we evaluated the validity of preoperative imaging studies in distinguishing the neurological origin of the schwannomas of the head and neck, and the efficacy of intracapsular enucleation in preserving the nerve function.
This study was conducted on seven patients who were suspected with schwannoma at the Department of Otorhinolaryngology Gangnam Severance Hospital from March 2003 to September 2009. All the patients complained of a neck mass as a major symptom. Six patients had normal nerve function, the other one complained of ptosis. There were three men and four women, whose ages ranged between 46 and 71. Computed tomography (CT) and magnetic resonance imaging (MRI) were performed to examine the location of the tumor and its correlation with the carotid artery and the internal jugular vein. Whether the tumor displaced the internal jugular vein and carotid artery to the same direction or to the opposite directions was evaluated.
After informed consent, all patients underwent intracapsular enucleation via the transcervical approach under general anesthesia. After exposing the tumor in the carotid sheath, a vertical incision parallel to the direction of the nerve was made on the capsule, after confirming that the nerve fibers surrounded the tumor. Then intracapsular enucleation was performed as the tumor was carefully dissected from the capsule without any damages given to the nerve fibers. Special attention was paid to preserve the lymphovascular structure within the nerve sheath. The function of the vagus nerve and the sympathetic nerve was evaluated preoperatively and postoperatively by examining vocal cord mobility with laryngoscope and symptoms of Hornor's syndrome.
Preoperative imaging studies showed 6 cases where the tumor located between the carotid artery and the internal jugular vein, and 1 case where the tumor located posteriorly displacing the carotid artery and the internal jugular vein anteriorly ( Figs. 1 and 2 ). At the time of operation, we confirmed schwannoma originating from the vagus nerve on the first 6 cases, and schwannoma originating from the sympathetic nervous system on the last case ( Table 1 ). The tumor was surrounded by the nerve fibers in all 7 cases, and an incision was made on the capsule. The tumor was carefully dissected from the capsule while preserving the nerve fibers, and intracapsular enucleation was performed (Figs. 3 and 4) . The preoperative and postoperative neurological functions were evaluated. Of the six vagal schwannomas, five cases maintained normal postoperative neurological function. In the case of sympathetic schwannoma, there were no aggravated neurological deficits except for the ptosis which was observed preoperatively ( Table 2 ).
It is well-known that schwannoma occurring in the head and neck region mostly originates from the vagus nerve or sympathetic nervous system. It is also known that the incidence of vagal schwannoma is 2 to 3 times higher than that of sympathetic schawannoma. 7 Schwannoma can compress the maternal nerve fibers which go over the tumor capsule as its size is gradually increased. Therefore, nerve paralysis may occur preoperatively. Vagal schwannoma is typically characterized by dysphagia and hoarseness. Sympathetic schwannoma is characterized by Horner's syndrome. In 
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most cases, however, there are no symptoms, thus it is difficult to identify the neurological origin based on the physical examination. 8, 9 In making a differential diagnosis of the intracranial tumors, imaging studies play a key role. Particularly in cases in which schwannoma was suspected, CT is routinely 3 From an anatomical perspective, the carotid sheath contains the carotid artery, the internal jugular vein, and the vagus nerve. The carotid sympathetic ganglion descends medioposteiror aspect to the carotid sheath. Accordingly, when a vagal schwannoma is enlarged, the internal jugular vein is displaced laterally, and the carotid artery is displaced medially, displaying each other. In contrast, when a sympathetic schwannoma is enlarged, the carotid sheath is displaced anteriolaterally, not displaying the internal jugular vein and the carotid artery. [10] [11] [12] In 1996, Furukawa, et al. performed imaging studies on nine schwannoma patients, and suggested their neurological origin prior to surgery. These authors reported an accurate diagnostic rate of 100%. 3 In 2007, Saito, et al. also made an accurate diagnosis at a rate of 83% prior to surgery in 12 schwannoma patients. 12 In this study, with the criteria proposed by Furukawa, et al. imaging studies were performed on all seven cases, and an accurate diagnosis was made in all cases when confirmed with later surgeries. 3 Preoperative diagnosis based on imaging studies offered better understanding of the anatomical correlation between the nerve and vascular structures intraoperatively. We were also able to explain to the patients each complication of vagal schwannoma and sympathetic schwannoma which may follow the surgery preoperatively. As the authors had just experienced only one case of the schwannoma of sympathetic origin, the follow-up studies are needed for the accuracy of this study.
Schwannoma is a benign tumor that originates from the neural sheath of Schwann cells. Previously, to prevent the recurrence of tumors, radical dissection including the neuroprogenitor cells was performed. Even in cases in which recovery was achieved following the nerve transplantation or primary anastomosis, preservation of the neurological function was not to be expected. Most of the neuroprogenitor fibers do not run through schwannoma and they pass over the tumor capsule. 13, 14 Most schwannomas are encapsulated. In cases where the nerve fibers surround the surface of tumors, the intracapsular enucleation can be performed while preserving the nerve fibers. According to the study by Valentino, et al., intracapsular enucleation while preserving the nerve fibers preserved its function by more than 30% when compared to tumor resection with primary anastomsosis. 15 The neurological functions can also be monitored using a nerve stimulator or under a microscope in performing the intracapsular enucleation. [15] [16] [17] [18] Previous studies reported the preservation rate of the neurological functions following the intracapsular enucleation to be 30-80%. In our series, the neurological function was preserved in 6 out of 7 cases. Only a minimum longitudinal incision in the capsule was made during the operation and the capsule was not connected to the nerve fibers. When the tumor was removed after making an incision, additional damages around the capsule did not occur. Moreover, when the tumor was not isolated from the capsule, we used our fingers to remove the tumor from the capsule. These cautious intracapsular enucleations could have led to the maintaining of 86% of their nerve function after the operation. In the case of patient #2, intracapsular enucleation was performed routinely; however, multiple schwannomas directly connected to the nerve fiber were observed intraoperatively. This suggests the possibility of perineurium or endoneurium origin schwannoma, and it may have caused the vocal cord paralysis examined postoperatively.
Many controversies exist regarding the recurrence rate between the total tumor resection including nerve fibers and the intracapsular enucleation. According to Zbären, et al., there was no significant difference in the recurrence rate between the total tumor resection including nerve fibers and the intracapsular enucleation. In cases where partial removal of the tumor was performed, however, the recurrence rate has been reported to rise. 19 In this study, the mean follow-up period after the surgery was 3.42 years, and no recurrence has yet been noted. However, further long-term regular follow-up imaging studies are needed in this series.
In conclusion, in cases of schwannoma arising in the head and neck region, surgical resection may cause fatal nerve damage unlike other tumors. Therefore, treatments assuring the preservation of neurological functions are needed. In the current study, the neurological origins of schwannomas were predicted through preoperative imaging studies, before the surgical procedure, and we were able to explain the possible nerve damages to patients. Intracapsular enucleation was performed in all cases, and the postoperative neurological functions were preserved in most cases without recurrence. Thus, we report our treatment outcomes with a review of literature that preoperative imaging studies were effective for making an accurate diagnosis, and intracapsular enucleation was effective for preserving the neurological functions.
